: The metal ion
Adsorption of metal ions by various microorganisms
The adsorption rate of mercuric ions in each bacterial suspension of double dilution series was examined at pH 4.0 (Fig. 4) . With a final concentration of the microorganisms at 0 .1 mg/m/, the rate of adsorption by P. acnes, T denticola and E . corrodens were about 90% and were most effective on the mercuric ions .
The rate by A. levoris showed 70% and that by C . The mercuric ions-adsorbing ability differed with the various species of microorganisms at pH 4 .0.
About half the microorganisms took up more than 80% of the mercury in solution . Extremely high mercury-adsorbing ability was observed in P . acnes, T. denticola and E. corrodens.
Adsorption of metal ions by non-heat cells and heat killed cells
With the viable cells immediately after the culture of P. acnes, the adsorption rate of copper by the viable cells was decreased by about 6.4% by heat treatment at ph 7.0 (Fig. 2 ) , but the rates of the decrease was insignificant.
On the other hand, there were no differences between the lyophilized cells and their heated cells regarding the amount of metal ions .
With the lyophilized cells, the rates of the two metal ions were not decreased by the heat treatment at pH 4.0 (Fig. 3) . The mercuric and copper ions-adsorbing abilities of the heat-killed cells and non-heat lyophilized cells were similar.
Time course of the adsorption of metal ions by P. acnes
The time course of the adsorption of mercuric and copper ions by P. acnes was examined at pH 4 .0. The adsorption of mercuric and copper ions by P . acnes reached a plateau 5 min after addition of the metal ions and did not increase thereafter (Fig . 7) . This rapid adsorption of metal ions by P . acnes was similar to that observed with A. levoris15) .
Adsorption of copper by P. acnes according to Freundlich isotherm
The adsorption experiment was carried out by suspending the cells (4 mg of dry weight) in 2 .5 ml of copper solution at pH 7.0, to make four dilution series . The amount of copper adsorbed at these four concentration levels formed a straight line on a log-log graph (Fig. 8) .
Statistical analysis
Significant differences between the mean control and mean experimental counts were determined by using the coeffiecient of variance . On both copper and mercury, the 95% confidence limit extended to 2 .8% of the mean adsorption value with the means at 7
times. Therefore, standard errors were less than 2 .8% in each case. It has been observed that metal adsorption by microorganisms is largely dependent on the cell concentration at a given equilibrium concentration of mercury.
The adsorptions of copper ions by both the lyophilized and viable cells treated with or without heat were compared. The copper ion-adsorbing ability of the heat killed-cells was slightly less than that of the nonheated cells on viable P .acnes (Fig.2) Also, the equilibration times for mercuric and copper ions with p. acnes were examined at pH 4.0. After the incubation of the microorganisms with the metal ions for 5 min, the adsorption rates of these metal ions by P.acnes reached a plateau .
These results suggest that there is no energy requirement for the adsorption of copper ions by P .
acnes and that the accumulation of copper by the microorganisms depends on physico-chemical adsorption at the cell surface rather than on metabolic uptake.
The heavy metal-adsorbing abilities of the oral microorganisms have not been reporte previously .
The results obtained herein indicated that some species of oral microorganisms had high mercury and copper-adsorbing abilities.
It is recognized that dental plaque mainly consists of many kinds of oral microorganisms closely related to the etiology of dental caries and periodontal diseases. On the other hand, numerous oral microbes inhabit the oral cavity as well as endogenous microbes and matrix materials such as salivary components and carbohydrates.
Therefore, oral flora are also thought to disturb the establishment of exogenous microbes. 
